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1 IS /-IS NOT List 



IS 


IS NOT. 


• Supports Nibble Data interface 
@35.328MHz from/to the SILAB 
(Si310Q/Si3101) chips 

• Supports Nibble Data interface @35.328 
MHz from/to FPGA- 1 

• Up-samples and does a LPF on the data 
coming from FPGA-1 (TX-Filter) 

• Does a LPF and Down-samples data 
coming from the SILAB chips (RX-Filter) 

• Interfaces to Eight SILAB chips and has 8 
corresponding pairs of RX & TX Filters 

• Supports a Serial Interface @ 8.832 MHz 
from FPGA- 1 for register read/writes 

• A feed-through (from FPGA- 1 to the 
SILAB chips) for the MODE inputs of the 
SILAB chips 

• A feed-through (from FPGA- 1 to the 
SILAB chips) for the Reset inputs of the 
SILAB chips 

• < 1W of power 

• < 250 pins 

• XELINX VIRTEX-II XC2V 1000 -5 FPGA 

• BG575 Package 


• Serial/Control Interface to the SILAB 
chips 

• Reset Control of the SILAB chips 

• Control for the Mode inputs to the SILAB 
chips 



2 Functional Description 

The WHITESAIL FPGA provides the following functionality 

• Performs Serial to Parallel (S2P) conversion of the nibble data coming from the SILAB chips 
(Si3 100/3101) and feeds it to the RX-Filter (LPF + Down-Sampler) 

• Performs Parallel to Serial (P2S) conversion of the data from the RX-Filter and sends it to FPGA- 
1 

• Performs Serial to Parallel (S2P) conversion of the nibble data coming from FPGA- 1 and feeds it 
to the TX-Filter (Up-Sampler + LPF) 

• Performs Parallel to Serial (P2S) conversion of the data from the TX-Filter and sends it to the 
SILAB chips 



2.1 



Interface Diagram 
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WHITESAIL FPGA Interface Diagram 



2.2 Block Diagram 
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2.3 Parallel to Serial Converter (P2SC) 

The parallel- to-senal converter takes the 1 6-bit wide data and converts it into 4 nibbles (nibble = 4bits). The 
P2SC on the Si3 100/3 101 interface is slightly different than the P2SC on the FPGA- 1 interface. 

The P2SC on the Si3 100/3 101 interface is initiated when WCLK is asserted. 16-bits of data are read from 
the TX ASYNC FlFO-2 every 8 clocks by the P2SC. At steady state this interface bandwidth is 
70.656Mbps (a nibble every 2 MCLK's). 

The timing diagram for this interface is given below 
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The P2SC on the FPGA- 1 interface is initiated whenever the RX ASYNC FIFO- 1 is not empty. The RX 

Filter will write 16-bits of parallel data to this FIFO once every 32 clocks and thus interface bandwidth is - - - - - 

17.664Mbps. 

The timing diagram for this interface is given below. 
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2.4 Serial to Parallel Converter (S2P) 

The Senal-to-Parallel converter (S2PC) does exactly the reverse of what the P2SC does. The S2PC takes 4 
nibbles of data from one interface and writes 16-bit parallel data to the other interface. The S2PC on the 
FPGA-1 interface and the Si3100/3101 interface differ slightly. 

The S2PC at the Si3 100/3 10 1 interface is initiated when WCLK is asserted. A nibble of data is received 
from Si3 100/3 101 every 2 MCLK. The S2PC converts 4 nibbles of data to 16-bit parallel data and writes it 
to RX ASYNC FIFO-2. This interface bandwidth is 70.656Mbps (4 nibbles every 8 MCLK). 

The timing diagram for this interface is given below 
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The S2PC at the FPGA-1 interface is initiated when TX_SYNC is asserted. The TX_SYNC signal is 
asserted once every 32 FCLK. The S2PC converts 4 nibbles of serial data to 16-bits of parallel data and. 
writes it to" the TX A'SYNC FIFO- 1. Tfiis interface bandwidth is 17.664Mbps (4 nibbles every 32 FCLK). 

The timing diagram for this interface is given below 
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2.5 TX Filter 

2.6 RX Filter 

2.7 Serial Interface 

This interface is used to read/write registers inside the WHITES AIL FPGA. The serial interface has 4 
signals, SCLK (I), SCI (I), SCO (O) and SEN#(I). SCLK, SCI and SCO are shared by the WHITES AIL- 
FPGA and the 8 SILAB chips. However each of these slave targets has its individual enable (SEN#). The 
slave target will drive SCO only when a read cycle is issued by FPGA-1 to that particular target else it is 
tri-stated. 

The timing diagram for the serial transfer is as shown below 
ADD FIG. 

2.8 Clocking 

2.8.1 Data Path 

The WHITES AIL FPGA gets 8 clocks from 8 different SILAB chips. All of these clocks (MCLKJN [7:0]) 
have a fixed frequency of 35.328 MHz. These clocks are used by the 8 P2SC and S2PC pairs at the 
Si3 100/3 101 interface respectively. 
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• 




The master MCLK (coming from Si3 100/3 101 number-0) is multiplied by a factor of 9/4 in the FPGA 
DCM. This clock is used by ALL of the TX/RX filters. 

The P2SC at the FPGA-1 interface uses the master MCLK (MCLK_IN0). 

The S2PC at the FPGA- 1 interface uses FCLK (coming from FPGA-1). 

2.8.2 Control Path 

The control path in the WHITES AIL FPGA is clocked by SCLK, coming from FPGA-1. This clocks 
frequency is 8.832 MHz. 



2.9 Power Up, Reset, and Configuration 

_ 23.1 Power Up _ 

23 J, Reset 

The WHITES AIL FPGA has the following resets 

• Global Hard Reset (RST_L): This signal is generated by ANDing the power-on-reset 
(PO_RST_L), generated by the WHITES AIL board and the FPGA reset (FPGA_RST_L), 
generated by FPGA- 1 . 

• Global Soft Reset (SRST)* This reset is issued by software when it writes to the ??? register. 

• Channel Resets (RST_DSL_L [7:0]): These are individual channel resets. 

2.9.3 Configuration 

The WHITES AIL FPGA is configured, using JTAG by the EPROM on the WHITESAIL board. The 
DONE signal of the FPGA will be connected to a LED on the board to indicate if the FPGA has been 
programmed successfully or not. 




3 Programming Model 



3.1 Register Map 

The WHITES AIL FPGA address space is 128 Bytes (7 bits). AH accesses are 16 bits. 



Starting 


Size 


Segment Name 


Data 


Description 


Address 






Direction 




0x00 


128 


GLOBAL Sepment 


N/A 


Revision, Mode, Global Space, Reset, etc. 




Bytes 







Address 


WH1TESAIL FPGA Register Map (all accesses 16-bits) 
Page# Name Description 


GLOBAL Segment 


0x00 j 




FPGAJD 


FPGA ID Register 


0\0l 




FPGA_REV 


FPGA Revision Register 


0k02 




FPGA_SCRATC1I 


FPGA Scratch Pad Register 


0x03-0x7F 




Reset veil 



3.2 Register Definitions 

Each register is given a plain English name, as well as a unique identifier. Note that all addresses are 
always in hex. 

Register bits may be labeled as read-only, read- write, or reserved. The default access is read-write unless 
otherwise noted. 

• Read-only (RO): Reads will return the value of the register. Writes will be ignored. 

• Write-only (WO): Only writes allowed. Read data should be ignored. 

• Read- Write (RW): Both reads and writes are allowed. 

• Read and Clear (RC): The register bits are reset whenever the software reads the register 

_ . Reserved: Software should ignore anything read from these bits, and it is illegal to change the 
value of these bits. Changing the value of reserved bits will result in undefined operation. 

Registers at reserved addresses must never be read or written. Unless otherwise stated, all of the registers 
are read/writeable. 
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3.2.1 


GLOBAL Segment 








FPGA ID Register (RO) 






FPGAJD (0x00) | 


15 


14 | 13 | 12 | 11 


10 1 9 1 8 1 7 1 6 | 5 


4 13 1 2 | I | 0 


FPGA_ID(15:0) 



Name 


Bit # 


Description 


FPGA.ID [15:0] 


15:0 


16-bit read-only value uniquely identifying the WHITES AIL FPGA. 
Default=0x????? 





;^:| 


FPGA Revision Register (RO) 


i 








FPGAJREV (0x01) 




15 


14 | 13 | 12 | 11 | 


10 | 9 i 8 


7 1 6 I 5 


1 4 1 3 1 2 


1 


0 


MajorRcv 


MinorRev 



Name 


Bit# 


Description 


MmorRev[7:0] 


70 


8-bit BCD value indicating the minor revision of the chip. 






Default = 0\0 


MajorRev[7:0] 


15.8 


8-bit BCD value indicating the major revision of the chip. 






Default = 0x0 





i 


16 bit Scratch Pad Register 








- 






FPGAJSCRATCH (0x02) 




15 


14 | 13 | 12 I 11 


10 1 .9 1 8 1 7 1 6 1 5 


4 


3 


2 


1 


0 


Scratch 115:0] 



Name 


Bit# 


Description 


Scratch [15:0] 


15:0 


1 6- bit scratch register. 






Default = 0x0000 




4 Pin List 

AI! signals are LVTTL (3.3V) signaling levels unless otherwise noted. 

Pin count summary: 

FPGA-i Interface: 93 

Si3 100/3 101 Interface: 80 

Reset, Test and Misc.: 43 

Total 216 



4.1 Interface timing 

4.2 Signal List 



4.2.1 FPGA-1 Interface (up to 35-328 MHz) 



Signal Name 


Location 


Direction 


Total 


Signal Description 


FCLK 




I 


1 


Clock from FPGA-1 


TX[7:0]_OUT[3:0] 




I 


32 


TX Nibble Data (8 Channels) 


TXJSYNC [7:01 




I 


8 


SYNC for the TX data (8 Channels) I 


RX[7:0LOUT[3:0] 




O 


32 


RX Nibble Data (8 Channels) 


RX_S YNC [7:0] 




O 


8 . 


.SYNC for the RX data (8 Channels) . . 


MCLK[7:2]_OUT 




o 


8 


MCLK (Channels 2 to 8) 


SCLK 




I 


1 


Serial Interface Clock 


SCI 




I 


1 


Serial Data In 


SCO 




0 


I 


Serial Data Out 


SEN_L 




i 


1 


Serial Enable 






TOTAL: 


93 





4.2.2 Si3i00/3101 Interface (35.328 MHz) 



Signal Name 


Location 


Direction 


Total 


Signal Description 


MCLK[7:0]JN 




I 


8 


MCLK (8 Channels) 


WCLK[7:0] 




I 


8 


Frame Sync for Data transfer 


TX[7:0]_IN[3:0] 




O 


32 


TX Nibble Data (8 Channels) 


RXf7:0UN[3:01 




I 


32 


RX Nibble Data (8 Channels) 






Total: 


80 





4.2.3 Reset, Test and Misc. Signals 



Signal Name 


Location 


Direction 


Total 


Signal Description 


RST_L 




I 


1 


Reset 


RST_DSL_L [7:0] 




I 


8 


Individual Resets for the 8 
Channels 


MODE.MST JN [2:0] 




r i 


3 


SILAB Chips Mode 


MODEJSLV _IN [2:0] 




i 


3 


SILAB Chips Mode 


MODE_MST_OUT [2:0] 




o 


3 


SILAB Chips Mode 


MODE_SLV__OUT [2:01 




o 


3 


SILAB Chips Mode 


DEBUG [21:0] 




I/O 


22 


Debug Signals 






Total: 


43 
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i. Purpose 

This document identifies key requirements of the WhiteSail AFE design, and associated tests used to verify 
compliance to these requirements. 



2. Assumptions 

These assumptions have been made in this requirements document: 



i) 
a) 
3) 



4) 



5) 



6) 



The Silicon Laboratories Si3ioi AFE is used in the circuit 

Voyah's analog circuit design (transformer through Si3ioi) is incorporated in the design. 

Hie WhiteSail board will interface through a 152 pin Mictor connector to an Alpha Data ADM-XRC-II PCI 

Mezzanine Card (PMC). Voyan's digital transceiver processing is resident on this board. The ADM-XRC- 

II product manual (including connector pinout) is included as an appendix to this document 

The WhiteSail board vendor is responsible for a detailed specification of the custom digital interface to the 

boarcL The WhiteSail digital interface is inclusive of: 

a) the board level circuitry on the digital side of the SiLabs AFE. 

b) the connector pinout and signal definition between the Alpha Data FPGA PMC. 

c) the VHDL interface module residing in the Alpha Data FPGA PMC. 

The WhiteSail board vendor will provide a VHDL testbench for the board. When implemented on the 
Alpha Data PMC, this testbench will exercise all required operation modes of the AFE. Voyan will 
complement this testbench with a host-based program to send and receive test vectors to/from the 
WhiteSail board. 

The maximum word clock rate to/from the AFE board is 1.104 MHz. 



3. Block Diagram - Digital side 



Figure 1 delineates the separation of responsibility between the vendor deliverables and what is developed by 
Voyan: 



Alpha Data ADM-XRC-II PMC 
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WhiteSail 
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WhiteSail AFE board 



WhiteSail 

Digital 

Interface 

(AFE side) 



WhiteSail 

VCXO 

Circuit 



WhiteSail 

Analog 

Circuit 
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Key: 



Voyan 
Deliverable 



Vendor 
Deliverable 



Voyan requires a register based interface to the AFE board, such that two 16-bit registers per channel (one Tx, one 
Rx) exists for the DSP to write/read to the AFE). A channel specific control port should exist to set/get AFE 
parameters. The WhiteSafl board vendor has freedom to implement the actual interface in the most anDroDriate 
way, as long as the DSP access is via registers. ' " yp ^ 

4. Detailed Block Diagram - Analog side ' 

sfSSSSSlSZ SSS?" ° f * e b0apd * ShOWD in FigUre " "*»»»- ° fa ^tal of 




Figure 2. AFE block diagram and test points 



5. Deliverables 

The project deliverables from the WhiteSail board vendor to Voyan are listed as follows, in the order of their 
delivery: 

1. AFE Digital Interface Specification - includes Mictor pinout and timing specification of the bank 
01 registers that Voyan DSP writes/reads to access the AFE data. 

2 ' J £££f }i9ital Inter f ace VHDL - for inclusion by Voyan into the logic of the AlphaData ADM-XRC-II 
FFGA. 

3 * £S5te^ Z !f *f rface Testbenct i - for inclusion by Voyan into the logic of the AlphaData ADM- 
XRC-II FPGA. Subsequent Voyan development 
WhiteSail AFE board schematic- 
WhiteSail AFE board layout - Gerber files and artwork. 
WhiteSail AFE board blanks - Quantity 8. 
Loaded and tested WhiteSail AFE board - Quantity 8. 

Custom cable to connect WhiteSail board to Alpha Data board - Quantity 8. 



4. 
5. 
6. 

7. 
8. 



6. Specifications and Test Requirements 

V% ^k^? -?^^^ 8 ^ume use of the Silicon Laboratories Si 3 ioi AFE. Those specifications related to the 
test of the WhiteSail board are included below: 

Noise Dynamic Range 

1. D must have input noise dynamic range < -90 dBFS, with A=o (zero transmitter output). 
B must have output noise dynamic range < -80 dBFS, with A=o. 



2. 

THD 

3. 

4. 
MTPR 

5. D must have MTPR < -85 dB, for A=multi-tone test signal (supplied) 

^- JL"^ *? ave MTPR < ' 7S dB ' for Ass multi-tone test signal (supplied). 
Hybrid Rejection 



D must have THD < -85 dBFS, for A=o, F=i/ 4 power tone at 150 kHz. 
B must have THD < -75 dBFS, for A=i/4 power tone at 150 kHz. 



7. C/B: -25 dB overall rejection (this can be tuned to the worst case loop (CSA #6) at 9000 feet) 
Per Figure 3, the rejection as a function of frequency requirement is: 

• -18 dB to -28 dB (linear slope in dB) from 10 kHz to 130 kHz 

• -28 dB from 125 kHz to 400 kHz 

• -28 dB to -18 dB (linear slope in dB) from 400 kHz to 550 kHz 

For loops shorter than CSA6, the rejection requirement is lessened. For example, in Figure 3, 
the flat part of the rejection curve can be 6 dB higher (-22 dB) for CSA6-1 (7500 feet). For 
this case the rejection requirement is only -19 dB (aggregate over all frequencies). 

Measurement #1: 

A off, F on (broadband noise), measure the transfer function C/E. If measurement point C is not 
accessible, infer from the digital word at point D. 
Measurement #2: 

A on (broadband noise), F off, measure C/B. 

The noise injected at A and F must be at the same level. Verify that Measurement #2 divided by 
Measurement #1 <= -25 dB, and further that the transfer function ratio conforms to the Figure 3 
frequency requirement. 




Figure 3- Overall hybrid rejection of -25 dB, stated 
as a function of frequency, per specification 5.8. 
Loops other than CSA6 have reduced requirements. 



7. DAC-drivenVCXO 

The maximum sample rate of the system is 1.104 MHz, and is the same for the DAC and ADC. A VCXO clock 
is required either on the device or the AFE board, that has these characteristics: 

1. The VCXO circuit should present a register based interface from the FPGA that allows Voyan to 
implement clock recovery and tracking in software. 

2. The maximum VCXO update rate is specified at 8192 Hz. 

3. VCXO frequency stability (maximum deviation from nominal frequency) = 25 ppm. 

4. The VCXO should be tunable via a 12-bit DAC over a frequency range of +/- 50 ppm from the nominal 
clock frequency. 

5. VCXO clock jitter should be less than -85 dBc at 10 Hz away from the VCXO nominal frequency. 
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8-channel AFE Line Card Functional Specification 



This document describes the functional specifications for the Voyan OptiFusion line card called 
White Sail. 



Alpha Data 2V3000-5 

FPGA 
(PMC daughterboard) 
FPGA#1 

' 68-pin I/O | 



I 



Alpha Data 2V3000-5 

FPGA 
(PMC daughterboard) 
FPGA #2 



Bittware 
Octal-21160 
DSP board 

Compact 

PCI6U 

format 




Bit I/O 





| 68-pin I/O | | 50-pin HSST^ | 68-pin I/O | 



RJ-45 



RJ-45 



3 3v->l 5v 

paoc 



I Mictor 



JTAG 



PROM I 



ECL<->LVTTL 
HSSI Level 
Conversion 



White Sail 
AFE board 



former 



truss *, 
'fcrnxx 
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5v 
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P3 
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Figure 1 - Block Diagram 



Clocking: 

We need all of the AFE chips to be synchronized if we do not want to build a 
synchronizer into the receiving chip. To do this, we need to disable the internal VCXO 
and derive the clock externally. The internal VCXO has a step size of between 0.03 and 
0.34 ppm, depending on where it is in the range. 

Questions: 



-H4 



& t< "?^P S*£- f • O T- 5 *:i 
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- Does the SCLK have to be exactly 4x the MCLK? Or is there an internal 
synchronizer? 

- What is the delay from XIN to MCLK out? 

- The clock variation is to accommodate variations in the CO's DSL clock. If all of 
the AFEs are running off the same clock, that assumes that all of the inputs are 
from one CO. Is this a valid assumption? 

HSSI Interface 



The HSSI interface is driven at ECL levels to a 50pin high density connector with the 
following pinout: 





Signal Name 


Dir. 


Pin # (+side) 


Pin # <- 


-side) 


SG 




Signal Ground 




1 


26 




RT 




Receive Timing 


<-- 


2 


27 




CA 




DCE Available 


< - - 


3 


28 




RD 




Receive Data 


< - - 


4 


29 








reserved 


< — 


5 


30 




ST 




Send Timing 


<-- 


6 


31 




SG 




Signal Ground 




7 


32 




TA 




DTE Available 


--> 


8 


33 




TT 




Terminal Timing 


— > 


9 


34 




LA 




Loopback circuit A 


— > 


10 


35 




SD 




Send Data 


— > 


11 


36 




LB 




Loopback circuit B 


— > 


12 


37 




SG 




Signal Ground 




13 


38 








5 ancillary to DCE 


— > 


14 - 18 


39 - 


43 


SG 




Signal Ground 




19 


44 








5 ancillary from DCE 


< - - 


20 - 24 


45 - 


49 


SG 




Signal Ground 




25 


50 



Pin pairs 5&30, 14&39 to 18&43, and 20&45 to 24&49 are reserved for future use. To 
allow future backward compatibility, no signals or receivers of any kind should be 
connected to these pins. 
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1 Introduction 

1.1 References 

• Component Data Sheets 

• IHHR 1011.1 

• IEEE 1011.10 

• IEEE 1011.11 

• IEEE 1149.1 

• PICMG 2.0 R3.0 CompactPCI Specification 

• Wave Functional Specification 

• White Sail Layout Guidelines 

• White Sail Schematics 

- 1.2 Scope - - 

The purpose of this document is to present the high-level design aspects of the White Sail 
board. The reader should refer to the schematics for the actual implementation of the 
concepts presented in this document. 

1.3 Overview 

The White Sail board is part of a communications system based on DSL technology. The 
design utilizes eight synchronized, DSL channels to transport aggregated data for the 
system. Part of the data aggregation and data processing is performed on board using an 
FPGA, code-named Wave. The Wave chip then transports the data to the system where 
data is handled by other elements. 

The design primarily uses 3.3V and 5.0V to power the circuitry. The voltage rails are 
provided by the power subsystem in a CompactPCI chassis or through an external power 
supply if the board is in stand-alone operation. In either case, the data interface to the 
system consists of a high-speed ribbon cable. 

2 Design Specification and Implementation 
2.1 Design Objectives 

The design is based on the Silicon Labs' DSL ASIC, Si310I-KQ, and the respective 
evaluation platform. The following is a list of the objectives: 

• Conform to the specifications for a CompactPCI 6U t rear I/O form factor 

• Provide eight DSL channels, where one is master and seven are slaves 

• Synchronize each slave channel to the master channel 

• Hot swap capable at the hardware level 

• Provide for two sources of power and condition the rails accordingly 

• Provide test features such as logic analyzer taps, test points, and visual indicators 

• Incorporate an FPGA and its supporting circuitry for data processing and control 

• Use a reset strategy based on power-up sequencing which then relinquishes 
control to the system reset inputs 

• Design the board to be backwards compatible with Si3100-KQ (Rev C) AFE's 

The following is a list of design considerations that shall not be incorporated: 

• Hot swap capable at the software level 
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• Meets all compliance standards for safety 

• Designed for surge immunity, i.e. lightning strikes, wet line shorts, etc. 

• Provide for an alternate data path to the system in essence bypassing Wave 

2.2 Block Diagram 
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Figure 2-1: White Sail Block Diagram 

2.3 Power and Hot Swap 

As shown in the block diagram, power originates from one of two sources, either the 
back plane in a CompactPCI chassis or from external power supplies connected through 
the external power plug on the board. These voltage rails, 3.3V and 5.0V, feed through a 
hot swap controller to carefully ramp the rails for the rest of the circuitry. There is also a 
voltage regulator that uses the 3.3V rail as a source of power to generate the 1.5 V rail 
used by Wave. 



The hot swap controller monitors the primary rails, 3.3V and 5V, for under- voltage and 
short-circuit conditions. The design also uses independent, precision voltage monitors 
for each of the three voltage rails. The monitors and the hot swap controller tie into the 
reset circuitry. 
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2.4 Clock Distribution 
2.4.1 Nibble Interface (MCLK) 
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Figure 2-2: MCLK Distribution 

The primary channel (DSL1) is the root for all other devices on the board, DSL1 uses an 
external crystal with its internal VCXO to generate the MCLK signal for the nibble 
interface. A copy of the MCLK output is used to fan out the clock inputs to the other 
DSL channels through a series of zero delay buffers. The goal is to minimize skew and 
jitter while providing a synchronous clock to all devices. 

For the purposes of debug or fine tuning, the clock inputs to the slave channels may be 
skewed with respect to the clock for the master channel. This is accomplished by 
manipulating control switches that are connected to the ROBO clock device. Note that 
the skews introduced by these controls are not symmetric across all outputs. 
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Figure 2-3: ROBO Clock Skew Control 
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2.4.2 Serial Interface (SCLK) 

The clock for the serial interface to all Silicon Laboratories chips originates from FPGA1 
in the main system. This signal is buffered on the board using a Motorola one to nine, 
fan-out buffer with a non-zero delay of approximately nine nanoseconds. Therefore each 
device receives a single ended copy of the original SCLK signal except for the FPGA, 
which shares its input with a debug Mictor™ connector. 

2.4.3 JTAG Interface (TCK) 

The JTAG clock is used for the programming of the serial EEPROM and the FPGA. The 
clock originates from the Xilinx programmer and is buffered on the White Sail board. 
The general-purpose buffer is used to create a single ended duplicate of the original 
signal. 

2.5 Reset Strategy . . 

Once the 3.3V and 5V voltage levels have reached their appropriate thresholds, the hot 
swap controller releases its reset signal to the reset block. The reset block consists of 
three voltage monitors or sensors and some reset logic. Each sensor along with the hot 
swap controller asserts an independent signal that gates the power-on reset signal. Once 
the respective voltage level is reached, the monitor delays the release of power-on reset 
for 150ms. The power-on reset signal shall assert if any of the voltage rails fail to 
achieve or maintain their appropriate level. The power-on reset signal can also be 
asserted manually via the push-button signal feeding the hot swap controller. 
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Figure 2-4: Reset Distribution 

2.6 WAVE 

Wave is an FPGA designed to manage the data between the eight DSL channels and the 
main system. 



c 
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2.7 External Interfaces 

2. 7.1 DSL Channel Connectors 

Each DSL channel employs a single RJ-45 style connector with dual integrated light 
emitting diodes. Only pins 5 and 7 are used as the line side interface to the user. Note 
that this connector does not provide sufficient protection against high potential conditions 
such as a lightning strike. Based on the product specification this design limitation was 
deemed acceptable and thus for convenience this connector is employed. 



LED2 



LED I 




PIN t 



Figure 2-5: DSL Interface 

2. 7.2 Power Interface 

The board shall provide a means of applying external power when not plugged into the 
chassis. This is accomplished through the use of a two by two header (4 pin) that is 
keyed to avoid incorrect insertion. The mating plug houses the crimped pins that connect 
to wires leading to the external power supply. This wire assembly shall serve as the 
power harness as shown in the following diagram. 




1. 



31 



Wire Specs: 

- 18 AWG 

- Stranded 

- 24° Length 



Figure 2-6: Power Harness Assembly 



2. 73 Front Panel Switches 

2. 7.4 LED Indicators 

2. 7.4. 1 Front Panel Indicators 

The front panel shall have a single light emitting diode to indicate the condition of the 
power subsystem, where ON (green) denotes a "power good" condition and OFF 
indicates a problem with the power subsystem. 

Each DSL channel shall have a minimum of two light emitting diodes with the ability to 
support up to four light emitting diodes. These diodes are controlled directly by the 
WAVE chip with no buffering mechanism on the board. This implies that the 
appropriate drivers should be chosen for the WAVE chip to handle the drive 
requirements of the diodes. The operating current may range anywhere between 5.5mA 
to 7.5mA. The recommended drivers for these diodes are LVTTL24. 
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The following tables serve as truth tables for controlling the light emitting diodes under 
each available option. The columns LEDxA and LEDxB represent the driving signals 
from the FPGA, where x represents either LED 1 or LED 2 for a given DSL channel. 



LEDxA 


LEDxB 


State* .'V 


LO 


LO 


Off 


LO 


HI 


GreenAYellow 1 


HI 


LO 


Off 


HI 


HI 


Off 



Figure 2-7: Functional behavior for LED on 406549-1 
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Figure 2-8: Functional behavior for LED on 406549-7 
2. 7.4.2 Board Level Indicators 

The design shall incorporate light emitting diodes to indicate board level events that are 
useful in a laboratory bring-up environment. The following table highlights the LED 
indicators that are included in the design. 



Label 


State Description 


Color 


ON 


OFF 


DONE 


FPGA programming 
completed 


FPGA is not programmed 


Green 


PWR_RST 


Reset is asserted due to user 
interrupt or voltage rail outside 
the specified range 


All voltage rails are within the 
specified range 


Red 


PWR.GOOD 


All voltage rails are within the 
specified range 


Reset is asserted due to user 

interrupt or voltage rail 
outside the specified range 


Green 2 


5.0V 


5.0V rail is enabled through 
the hot swap controller 


Hot swap controller has not 
released the 5.0V rail 


Green 


3.0V 


3.3V rail is enabled through 
the hot swap controller 


Hot swap controller has not 
released the 3.3V rail 


Green 



Figure 2-9: Board level LED descriptions 



| LED1 is green while LED2 is yellow, refer to figure 2-2 for relative positions on the RJ-45 connector 
This LED is visible through the front panel as stated in section 2.7.4. i 
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3 Mechanical 

3.1 Board Fabrication Information 

3. LI Physical Dimensions 

The board's form factor shall conform to the CompactPCI specification for a 6U, rear I/O 
card. The mechanical drawings c an be found in the CompactPCI specification, PICMG 
2.0 R3.0 that is also governed by IEEE specifications 1011.1, 1011.10, and 1011 11 
3.1.2 Stack-Up 
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Table 3-1: Board Construction (Stack-up) 

3.2 Placement 

The following diagram highlights the placement of key functional blocks in the design. 
The diagram is not to scale, although the diagram was extracted from the manufacturing 
CAD tools. ~ 
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Figure 3-1: Component Locations Highlighting Key Devices 
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3.3 Front Panel 

The frontpanel features openings for each of the eight DSL channels. Hie "power good" 
indicator should be visible from a 120 degree viewing angle. There are also two small 
openings to access the "power cycle" and "reset" switches using a small poking 
implement, such as a plastic stylus. The front panel also features two ergonomic, 
latching handles, which facilitate insertion and/or extraction from the chassis. 




DSL DSL POWER POWER DSL _ _ (MASTER) DSL 

CHANNEL 7 CHANNEL 5 INDICATOR CYCLE CHANNEL 3 CHANNEL 1 



Figure 3-2: Front Panel Cut Outs 

4 Electrical 

4.1 Timing Information 

4.L1 Wave - AFE Interface (a.k.a. Nibble Interface) 

The nibble interface should adhere to the timing diagrams specified in the Si3101-KQ 
(AFE) data sheet. There is not enough timing margin to perform transactions on a single 
clock edge based on the "hold" requirements specified in the data sheet. 



4.1.2 Wave/FPGAl Interface (Mictor ™ Interface) 

The interface between the main system and the White Sail board shall consist of a high- 
speed cable assembly. This cable assembly is a significant variable when determining the 
timing budget between the FPGA devices on each end of the cable interface. Based on 
the timing diagram that follows, the recommended cable length is thirty inches. 

The signals F1_WV_TX and WVJF1JRX represent the data busses, which go between 
FPGA1 in the system and WAVE on the White Sail board. The signal F1JWVJTX 
represents the data passing from FGPAl to WAVE while WV_F1_RX represents the data 
passing from WAVE to FPGA I . 

The large skew between FPGAl^MCLK and WAVEJMCLK is largely attributed to the 
propagation delay across the cable, where both clocks originate on the White Sail board 
yet FPGA1 must receive its clock across the cable. 
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4.1.3 



Figure 4*1: Timing Analysis for the Mictor Cable Assembly 
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Table 4-1: 5.0V, 33V, and 1.5V Power Estimates 
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4.1.4 C/ocfc Distribution Skews and Jitter 

Based on discussions with the technical staff, the design may tolerate a reasonable 
amount of skew (on the order of several nanoseconds) and less than 900ps of jitter. This 
is made possible by the correction algorithms that are used to recover and maintain clock 
synchronization with respect to the master DSL channel in the system. The following 
table highlights the component specifications that are outlined in the respective data 
sheets. 



Device 


Part to 
Part Skew 


Output to 
Output Skew 


Jitter 


ROBO Clock 


1.2ns 


250ps 


200ps 


Cy2304 


500ps 


200ps 


180ps 


Si310l-KQ 


Not Applicable 


Not Applicable 


Negligible 



Table 4-2: Device Skew and Jitter Specifications 

Assuming that jitter is cumulative and that the devices are operating at opposite extremes, 
the worst-case condition for the slave DSL channels with respect to the master channel is 
a clock skew of 950ps with a jitter of 380ps. At the system level with two White Sail 
boards communicating to each other, the worst-case condition between two slave DSL 
channels is a clock skew of 1 .7ns with a peak to peak jitter of 720ps. 

5 Test and Debug 

5.1.1 Board Assembly 

There will not be an in-circuit test (ICT) fixture designed for this board due to the limited 
quantity that will be assembled over the life of this product. As a result and in the 
interest of schedule only minimal effort will be spent on adding circuit-side test points to 
support such a fixture. Consequently, this will also limit the ability to perform tests on a 
flying-probe machine. Therefore, the assembly house will employ a 5DX x-ray machine 
to validate component placement and the quality of the soldering process. Normally, 
component values and type can be validated using a flying-probe machine (FPM). In lieu 
of the FPM, both the engineer and the assembly house will perform a visual inspection to 
validate the assembly of the board. It was deemed more critical to validate the quality of 
the solder joints with 5DX rather than component values with FPM, especially because 
the BGA cannot be inspected with the naked eye. This is made possible due to the nature 
of the design, i.e. there are a relatively small number of unique parts and the fact that 
there are eight typical circuits. 

5. 1.2 Board level features 
5.1.2. 1 Debug Mictor™ 1 

The Mictor™ (38-pin connector) provides the user with visibility on specific signals 
using a logic analyzer. This particular Mictor™ allows the user to capture waveforms 
for: DEBUG [24:0] and the serial interface specified in the Silicon Laboratories' data 
sheet In addition to the aforementioned signals, the serial enable signals for the master 
channel (channel 1) and Wave are available. The DEBUG bus is a general -purpose bus 
that runs between Wave and the FPGA in the system. 
J. 1.2.2 Debug Mictor ™2 

The Mictor™ (38-pin connector) provides the user with visibility on specific signals 
using a logic analyzer. This particular Mictor™ allows the user to capture waveforms 
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for: the nibble interface between Wave and the master DSL channel as well as the 
corresponding nibble interface between Wave and the FPGA in the main system. It also 
includes the reset signal for channel 1. 

5.1.23 Test points 

There are various test points to access the power rails and ground. These test points are 
strategically placed on the board and are labeled appropriately. There are no other test 
points in the design due to the compactness of the physical design. 

5.1.2.4 Bring-up Checklist 

The reader is deferred to the test plan and bring-up plan documents. 
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1 Introduction 

This document presents guidelines for use during the layout phase of the WhiteSail board 
lifecycle. The layout guidelines should be applied in conjunction with any notes or 
remarks that may be found in the corresponding schematics* Any information in this 
document that is inconsistent with the notes in the schematics should be brought to the 
attention of the designer. However, the schematics shall override the instructions in this 
document. 

2 Board Construction 

2.1 Mechanical Specifications 

This board is a standard Compact PCI, 6U, rear I/O card. Therefore, the board's form 
factor shall conform to the Compact PCI specification 2.0, which also refers to IEEE 
specifications 1101.10 and 1101.11. 

2.2 Stack Up 

The fabrication vendor according to the following specifications shall design the board's 
layer construction: 



• Target impedance = 50 Ohms +/- 10% 

• Board thickness = 1 .6mm +/- 0.2 mm 

• Layer count = 12 

2.3 Plane Cutouts and Shapes 

The following diagram/table highlights the plane cutouts 

GND 

VD1P5 

VD3P3 

VD3P3JBP 

VA5P0 

VA5P0JBP 

ESD_STRIPJL1 

ESD_STRIP_L2 

ESD_STRIPJL3 

ESD_STRIP_R1 

ESD_STRDP_R2 

ESDJSTREPJ13 

2.4 Additional Ground Shielding 

The surfaces should be filled with ground shapes primarily to isolate the channels from 
each other. Also, all clock buffers and Silicon Laboratories devices should have a ground 
shape directly beneath the physical package. These buffers include: CY2304, CY7B991, 
and MPC947. 
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3 Placement 
3.1 Test Points 

There shall be several test points strategically placed on the board. Refer to the following 
table for the placement of certain test points. Note that the X-Y coordinates that are 
listed serve as a marker. Due to the presence of signals and devices the actual placement 
of the test point can deviate from the marker by 0.5". 



Test Point 


X-Coor 


Y-Coor 


Label 


TP11 


1.0" 


0.0" 


GND 


TP 10 


1.0" 


2.0" 


GND 


TP9 


2.0" 


2.0" 


GND 


TP4 


1.0" 


4.0" 


GND 


TP5 


2.0" • 


4.0" 


GND 


TPl 


1.0" 


6.0" 


GND 


TP7 


LO" 


3.0" 


3.3V 


TP2 


1.0" 


6.0" 


3.3V 


TP8 | 


1.25" 


3.0" 


5.0V 


TP3 


1.25" 


6.0" 


5.0V 


TP6 


Flexible 


Flexible 


1.5 V 



3.2 Placement Diagram 

The following figure shows how the majority of the components or blocks of circuits 
should be placed. This is a general guideline thus the layout designer has the liberty of 
optimizing placement for ease of routing. There are eight typical circuits in the design 
which implies that the layout should only be done for one circuit and then replicated to 
produce the remaining circuits. This suggests that placement should be duplicated 
exactly as in the first circuit such that routing can then be replicated as well. 
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3.3 Analog Circuit 

There are a total of eight channels in the design each of which uses the analog circuit 
shown below. This circuit requires particular attention during layout as described below. 




XF-RXN 

Figure 1: Typical Analog Circuit 




XF-RXP 



The following diagram shows some suggested ways of placing the components that make 
up the analog circuit. The characteristics of the layout consist of the following: 

- Exact symmetry during placement 

- As compact as possible without compromising manufacturability 

- Share surface shapes to minimize the number of vias used 

- Matched traces at the different circuit nodes 

- Ground flooding around the circuit 




Figure 2: Placement Examples 

The transformer and user interface lies on the other end of the analog circuit. All voltage 
planes and ground planes should be cut away from beneath these two components except 
near the analog to transformer interface. These cutouts should be 50 mils larger than the 
external dimensions of the components. 
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3.4 Power and Hot Swap 

Both the power regulator and the hot swap controller should be implemented as described 
in the respective data sheets. In addition to these instructions, the following guidelines 
should be referenced for the power regulator. 



Racoon 
Try to o pposite side 




Figure 3 

The shapes or etchings shown in the figure above are for reference only and can be 
formed in any compact manner to accommodate the via count. The actual layout may 
deviate slightly due to other components and traces that are not related to this circuitry. 
There will also be deviations due to the fact that this drawing is not to scale. 

The traces off of pins 1, 2, 8, 9, 10 may be as wide or wider than the minimum trace 
width for the respective routing layer. The traces off of pins 3 and 4 should be routed as 
wide as physically possible from the device pad. Pins 5, 6, and 7 should use shapes in a 
similar manner as shown above. The passives connected to pin 10 should be placed as 
close as possible to the pad. 

3.5 External Interfaces 

3.5. 1 Secondary Power Connecter 

The 2x2 power connecter (AMP 770968-2) should be placed along the back plane 
interface without hanging over the edge of the board. This should also be located near 
the associated hot swap circuitry. 

3.5.2 FPGA Programming Header 

The 1x6 header (AMP 103148-6) should be placed along the front of the card without 
hanging over the edge of the board. 

3.5.3 DSL channel interfaces 

Each DSL channel interface consists of an RJ45 connector with integrated LED devices. 
The RJ45 shall hang over the edge of the board so that it protrudes through the faceplate. 
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4 Signal Guidelines 
4.1 Clocks and Resets 

The proceeding groups of signals shall have the following characteristics: 
Impedance: SO Ohms 
Matching Tolerance: +/- 100 mil 
Routing Layer Inner layer stripe-line 
Trace separation: IS mil spacing 

4.1.1 Groupl: Match to 5.5" 

• ROBO_DSL*_MINCLK35M 

• BUF4BJDMR* 

• BUF4B_FG_DSL1_MCLK 

4.1.2 Group 2: Match to 2.0" 

• BUF4A_ROBO_MCLK35M 

• DSLl_BUF4A_MR_MCLK 

• BUF4A_BUF4B_MCLK 

4.1.3 Group 3: Match to 6.0" 

• BUF4A_FDB K_MCLK35M 

• BUF4B_FDBK_MCLK35M 

• ROBO_FDBK 

4.1.4 Group 4: Match to longest trace in the group 
Note: +/- 250 mil tolerance 

• BUF_DSL*_SCLK 

• BUF_FPGA_SCLK 

• BUF_DMR2_SCLK 

4.1.5 Group 5: Match to longest trace in the group 
Note: +/- 400 mil tolerance 

• BUF_EPRM_TCK 

• BUF_FPGA_TCK 

4.1.6 Group 6: Match to longest trace in the group 
Note: +/- 200 mil tolerance; minimum spacing allowed 

• QS_FG_*_RST_L 

4.1.7 Group 7: Match to longest trace in the group 
Note: +/- 200 mil tolerance; minimum spacing allowed 

• MR_QS_*_RST_L 

4.1.8 Group 8: Match to longest trace in the group 
Note: +/- 200 mil tolerance; minimum spacing allowed 

• FG_DSL*_RST_L 



-T-3 - 
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4.2 Single Nets 

The proceeding signals shall have the following characteristics: 
Impedance: 50 Ohms 
Matching Tolerance: +/- 100 mil 
Routing Layer Inner layer stripe-line 
Trace separation: 15 mil spacing 

4.2.1 Signal 1: Length of 4.5" 

• DSL1_SI_BUFMCLK 

4.3 Data busses 

The proceeding groups of signals shall have the following characteristics: 
Impedance: 50 Ohms 
Matching Tolerance: +/- 100 mil 
Routing Layer: Inner layer stripe-line 

Trace separation: 15 mil spacing preferred, 10 mil spacing allowed 

4.3. 1 Group 1: Match to longest trace in the group 
Note: +/- 200 mil matching tolerance 

• DSL1_SI_FG_* 

• DSL1_FG_SI_* 

4.3.2 Group 2: Match to longest trace in the group 
Note: +/- 200 mil matching tolerance 

• DSL2_SI JFG_* 

• DSL2_FG_SL* 

4.3.3 Group 3: Match to longest trace in the group 
Note: +/- 200 mil matching tolerance 

• DSL3_SI_FG_* 

• DSL3_FG_SI_* 

4.3.4 Group 4: Match to longest trace in the group 
Note: +/- 200 mil matching tolerance 

• DSL4_SIJFG_* 

• DSL4_FG_SI_* 

4.3.5 Group 5: Match to longest trace in the group 
Note: +/- 200 mil matching tolerance 

• DSL5_SIJFG_* 

• DSL5_FG_SI_* 

4.3.6 Group 6: Match to longest trace in the group 
Note: +/- 200 mil matching tolerance 

• DSL6_SI_FG_* 
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• DSL6_FG_SI_* 

4.3.7 Group 7: Match to longest trace in the group 
Note: +/- 200 mil matching tolerance 

• DSL7_SLFG_* 

• DSL7_FG_SI_* 

4.3.8 Group 8: Match to longest trace in the group 
Note: +/- 200 mil matching tolerance 

• DSL8_SI_FG_* 

• DSL8_FG_SI_* 

4.4 Analog Signals 

4.4 11 Group 1: Match to longest trace in the group 
Note: +/- 5 mil matching tolerance 

• DSL8_ DEV_RX* 

4.4.2 Group 2: Match to longest trace in the group 
Note: +/- 5 mil matching tolerance 

• DSL8_ DEV_HYB* 

4.4.3 Group 3: Match to longest trace in the group 
Note: +/- 5 mil matching tolerance 

• DSL8_ DEV JTX* 

4.4.4 Replicate groups 1 through 3 

Each analog channel comprises of groups 1 through 3 above. Since there are eight 
channels total, the differential signals in the analog layout will be replicated seven more 
times. 

5 Silkscreen 

• All reference designators are to be renumbered in ascending order using the top, 
left-hand corner of the form factor as a reference point. Also, devices on the 
backside (circuit side) should start their numbering sequence at 500 (i.e. R500, 
C500, U500, etc). 

• Polarized capacitors should include a marker to denote the polarity. 

• Diodes and LED's should include a marker to denote cathode versus anode 

• The DIP-switch settings should be included as shown in the proceeding figure. A 
representation of the device can be drawn elsewhere on the board if the text 
cannot be placed near the actual device. 



tftvO . U*> *;'ij.S.Jaf 
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SW4 



SW3 




1F0 



1F1 



2P0 



2F1 




3F0 



3F1 



4F0 



4F1 



Assembly information should be included as shown in the proceeding figure. 



v 



Voyan Technology 
White Sail 2002 
P/N 3QQC-XXXX-XXX Rev 01 
S/N 1 I 
Made in USA 



VOYAN 

BGA numbering should also be shown on the bottom side of the board 



Device 


Label 


J10-1 


VDD 


J10-2 


TCK 


J 10-3 


TMS 


J 10-4 


TDI 


J 10-5 


TDO ! 


J 10-6 


GND 


D4 


DONE 


D5 


PWR.RST | 


Dl 


PWR_GOOD 


D2 


5.0V 


D3 


3.3V 


SWL 


PWRJ3YCLE 


SW2 


RESET 


J6-1 


5.0V 


J6-2 


GND 


J6-3 


3.3V 


J6-4 


GND 



• Each DSL channel should be labeled near the RJ45 connector using the text 
"DSLx'\ where x denotes the channel number 

• Test points should also be labeled as discussed above. The table is repeated here 
for convenience. 



Test Point 


X-Coor 


Y-Coor 


Label 


TP11 


1.0" 


0.0" 


GND 


TP 10 


1.0" 


2.0" 


GND 


TP9 


2.0" 


2.0" 


GND 


TP4 


1.0" 


4.0" 


GND 


TP5 


2.0" 


4.0" 


GND 


TP1 


| 1.0" 


6.0" 


GND 


TP7 


1.0" 


3.0" 


3.3V 


TP2 


1.0" 


6.0" 


3.3V 
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TP8 
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! TP3 


1.25" 
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5.0V 


! TP6 


Flexible 


Flexible 
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Demonstration Hardware 



1.2 Related Documents 



2.2 Loop plant 

2.3 Patch Panels 



2.7 dds Disturbance 



2.9 VDSL Disturbance 
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3.0 DEMONSTRATION ^ 




2. Hardware Elements 



2.1 System overview 




CSA range equivalent 



Fig. 1 System overview 

The Demonstration system consists of two demonstration platform which communicate over eight copper pair of 
an actual 26AWG binder. Cable of lengths of 9000 feet of 26AWG can be connected. In order to prove system 
performance under a variety of real-world conditions, a number of disturbance services can be introduced into 
the same binder, in order. 

This document will outline the hardware available in the lab to create these disturbance conditions. 



1 jE^^^S 
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2.2 Loop Plant 




Fig. 2: 26AWR Cahla 
The following lengths of real cable are available in the lab: 

• 26AWG loops (9kft in total). 

o 1kftx2loops. 
o 3kft. 

i 

o 4kft. 

• 24AWG. 

o 1kftx2loops. 
The focus of the demonstration is on CSA range of 26AWG cable. 



- /OH 



2.3 Patch Panels 

There are two patch panels systems In the lab one for each type of cable. These allow for various lengths of 
smaller cable may be linked together to form longer cable reaches. Of these the 26AWG patch panel Is the 
most utilized. Fig. 2 illustrates the 26AWG patch panel 




AO 




Fig. 2: 26AWG patch panel 

Fig. 3 illustrates how the various loops of cable are wired to the patch panel. It is easy to see that by daisy 
chaining the twisted pair from each loop together, up to 9000kft of cable can be formed. 
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Fig. 3: 26AWG patch panel wiring 



It is easy to see how a daisy chain arrangement on the patch panel allows for the concatenation of individual 
loops of cable up to a maximum length of 9000 feet. It also allows for the addition of bridge taps at intervals 
corresponding to the patch panel intervals. 

A similar but much simpler patch panel exists for the 24AWG cable, basically allowing the connection of the two 
1kft loops of cable. 




2.4 Disturber sources 

The disturber scenarios are realized by activating disturber services within the loop plant. A variety of 
equipment is used to each type of disturbance. 

2.5 HDSL Disturbance 



Fia. 4: Copper Mountain CopperEdoe DSLAM 

The is SDSL DSLAM is adjustable to different rates, thereby enabling emulation of different services such as 
HDSL and ISDN. Currently we use SDSL to mimic the power spectrum of HSDL. 

• DSLAM: Copper Mountain: CopperEdge. 

o 24 SDSL ports (currently 5 used). 

- Currently use 5 system ports. 

• 1 to mimic ISDN. 

• 4 to generate a power spectrum compatible to HDSL, 
o 24 ADSL ports (currently not used). 

o 24 G.lite ports (currently not used). 

• Modem: CopperRocket SDSL modem. 

o 5 units used as counterparts to 5 DSLAM ports, 
o A further 7 units are in-house but unused. 
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2.6 ADSL Disturbance 




Fig. 5: AVIDIA 8QQ0 DSLAM 

• DSLAM: AVIDIA 8000 (Fig. 5). 

o 12 ADSL ports (currently 3 used). 

o 48 SDSL ports (proprietary SDSL - power spectrum not compatible to HDSL). 

• Modem: Pairgain MEGABIT MODEM 600F. 

o 3 units. 

ADSL service is run at 640 kbps downstream / 64 kbps upstream. 



2.7 DDS Disturbance 

• DDS terminal: Multitech MultiDSU64K. 
o 2 units run point to point. 

o Run in "PRBS test-mode' which mimics a real-world data transmission conditions. 




2.8 HDSL2 Disturbance 




Fig. 6: CPE modems, including Palr aain HDSL2 remote enclos ure (bottom riohtt 
The HDSL2 disturbance is realized using a Pairgain system which consists of DSU and CSU 

• DSU: Pairgain HiGain Solitare 

o 2linecards-1 port per card 

• CSU: Pairgain HRE 204 (Fig. 6) 

o 2 ports 
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2.9 VDSL Disturbance 




Fig. 7: Infineon IVES VDSL chipset evaluation boards 
Infineon IVES 2281 2 evaluation system (Fig. 7) 

o Contains Infineon's 2nd generation VDSL chipset 

o Consists of two boards, one in Line Termination mode, one in Remote Terminal mode 
connected point to point to realize the VDSL connection. 

o connected over 1 kft of cable (at the CPE end of the cable). 



3,0 Demonstration 

The focus of this demonstration is on raw throughput over various reaches in the presence of various disturber 
scenarios. As such the demonstration system doesn't not 

Performance under four disturbance scenarios will be demonstrated. These disturbance scenarios are detailed 
in the following table. 



Disturbance source 


Zero 


Light 


Medium 


Heavy 


ADSL 


0 


1 


2 


3 


HDSL 


0 


1 


2 


2 


HDSL2 


0 


1 


2 


2 


VDSL 


0 


1 


1 


1 


DDS 


0 


0 


1 


1 


ISDN 


0 


0 


0 


1 


# External Disturbers 


0 


5 


11 


13 



Fig. 8: Disturbance Scenarios 
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CLAIMS 

What is claimed is that which has been described in the foregoing and 
equivalents thereof. 
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ABSTRACT 

A method and system are disclosed using multi-lines to deliver ultra 
high speeds in a communications system. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defectum the images include but are not limited to the items checked: 

□T BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

^COydR OR BLACK AND WHITE PHOTOGRAPHS 

□ gray SCALE DOCUMENTS 

HHjnes or marks on original document 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ' 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



